EV633200774 



J) 



Europaisches Patentamt 
European Patent Office 
Office europ6en des brevets 




@ Publication number: 0 434 409 A1 



EUROPEAN PATENT APPLICATION 



@ Application number : 90313951.7 
@ Date of filing : 19.12.90 



@ inL 01.5 : C07C 19/08, C07C 21/18, 
C07C 17/00 



(g) Priority: 19.12.89 US 452402 

(3) Date of publication of appllcatbn : 
26.06.91 Bulletin 91/26 



@) Designated Contracting States : 
DE FR GB IT 



(S) Applicant: E.I. DU PONT DE NEMOURS AND 
COMPANY 
1007 Market Street 
Wilmington Delaware 19898 (US) 

@ Inventor : Webster. James Lang 
202 North Hills Drive 
Parlcersburg, West Virginia 26101 (US) 
Inventor : McCann, EIrey Lome 
Box 66 

Mendenhall, Pennsylvania 19357 (US) 



Inventor: Bruhnke, Douglas William 
303 Indlantown Road, Whiskey HWl 
Landenberg, Pennsylvania 19350 (US) 
Inventor : Lerou, Jan Joseph 
13 Stiriing Way 

Chadds Ford, Pennsylvania 19317 (US) 

Inventor: Manogue, William Henry 

224 Beverly Road 

Newark, Delaware 19711 (US) 

Inventor : Manzer, Leo Emest 

714 Burnley Road 

Wilmington, Delaware 19803 (US) 

Inventor : Swearingen, Steven Henry 

129 West 13th Street 

Wilmington, Delaware 19808 (US) 

Inventor : Trofimenko, Swiatoslaw 

515 Brentwood Drive 

Wilmington, Delaware 19803 (US) 

Inventor: Bonifaz, Cristobal 

P.O. Box 489 

Conway, Massachusetts 01341 (US) 

@) Representative : Myerscough, Philip Boyd et al 
J,A.Kemp & Co. 14, South Square Gray's Inn 
London, WC1R 5EU (GB) 



(g) Multistep synthesis of hexafluoropropylene. 

(g) The present invention relates to multistep syntheses of hexafluoropropylene from acyclic three- 
cart>on hydrocarbons or partially halogenated acydic three-carbon hydrocarbons. Novel catalysts are 
also provided. 



< 

05 



CO 



Q. 

UJ 



Jouve, 18, rue Saint-Denis, 75001 PARIS 



RNsnncin; <fp 



O434409AI I > 



BP 0 434 409 A1 



MULTISTEP SYNTHESIS OF HEXAFLUOROPROPYLENE 



Field of the invention 

The present invention relates to multistep syntheses of hexafluoropropylene from acyclic three-carbon hyd- 
5 rocarbons or partially halogenated acyclic three-carbon hydrocarbons. 

Background of the invention 

Hexafluoropropylene has been prepared by the pyrolysis of tetrafluoroethylene. This process has several 
10 disadvantages. Tetrafluoroethylene. which Is Itself difficult to prepare and purity, is an explosive compound, 
which must be stored and handled with the greatest care. The pyrolysis of tetrafluoroethylene inevitably malces 
some perfluorolsobutylene as a by-product, and this compound is extremely toxic and Is costly to remove and 
destroy. 

Another preparative method for hexafluoropropylene Is to make It simultaneously with tetrafluoroethylene 
IS by pyrolysis of CHCIFa- The product also contains the toxic by-product perfluoroisobutylene, and the process 
provides a particular mixture of the two products, which may be different from the raUo of products desired by 
the user. Both of the above synthetic methods are canied out at high temperatures, so it Is necessary to make 
the equipment from rare and expensive metals. Patents describing these processes Include U.S- 3,873 630 
U.S. 2,970,176. U.S. 3,459,818. U.S. 2.758.138. and U.S. 3.306.940. 
20 Vapor phase chlorofluorination of two-carbon hydrocarbons to make saturated halocarbons is known, but 

two-carbon hydrocarbons have only primary carbon-hydrogen bonds, while three-carbon hydrocart)ons also 
have secondary carbon-hydrogen bonds, which have sharply different reactivity in reactions with halogens and 
halogen compounds. 

Vapor phase chlorofluorination of higher hydrocarbons (containing three or more carbon atoms) or isop- 
25 ropyl fluoride is reported In U.S. 3,436.430. U.S. 3.865.885. and U.S. 4,110.406. The reactions described in 
these references give almost exclusively unsaturated products. 

U.S. 2,900.423 relates to the synthesis of hexafluoropropylene by hydrogenation of CF3-CFCI-CF3 over a 
catalyst The patent gives no information about the washing step or the residual Kin the catalyst. No infomiation 
on catalyst life Is presented, the longest run lasting only three hours. 
30 Fluorinalion, (i.e., the reaction of a chlorinated hydrocarbon with HF to substitute F for CI) is disclosed in 

U.S. 3,258.500. 

Transhalogenalion (I.e., the exchange of one halogen atom In one compound for a halogen atom in another) 
is discussed in U.S. 3.651,156 and U.S. 4,814.522. 

35 SUMMARY OF THE INVENTION 

An object of the invention is to provide a process for the chlorofluorination of a feed containing at least one 
of the class consisting of propane, propylene, and a partially halogenated three-carbon acyclic hydrocartjon to 
make saturated pertialocarbon intermediates, followed by conversion to hexafluoropropylene. 
40 A major aspect of the invention is a first step vapor phase process for the chlorofluorinatfon of a feed con- 

taining at least one of the class consisting of propane, propylene, and a partially halogenated Ihree-carbon acyc- 
lic hydrocarbon with CI2 and HF to make one or more of the saturated, fluorine-containing perhalocarbon 
intermediates 

A) CF3-CCl2-CCi3, 
45 B) CF3-CCI2-CFCI2 

C) CF3-CCI2-CF2CI, 

D) CF3-CFCI.CF2CI, 

E) CF3-CCI2-CF3. and 

F) CFa-CFCI-CFa, 

so This process Is conducted at elevated temperature ; e.g.. between 100-550*>C, in the presence of a solid met- 
al-containing salt or oxide which is stable at reaction condiOons. Each of the above compounds A-F can be 
converted in an additional step or steps of the process of this invention into hexafluoropropylene. In some reac- 
tion sequences a mbcture of these compounds can be used. It may be desirable to make or to use in subsequent 
steps only one or a few of the above perhalocarbons. It may also be desirable to recycle to the first chlorof- 

55 luorinalion step those intermediates which contain H or contain double bonds or contain more CI atoms than 
the halocarbon desired. 
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Selected catalysts are used to make the above saturated perhalocarbon intermediates. Catalysis and con- 
ditions can be selected to favor synthesis of any of the named perhaiocarbons intemiediates, with recycle of 
the underfluorlnated intermediates. The synthesis of CF3-CCI2-GF3 In particulariy high yield is desirable. Novel 
catalysts have been made for the hydrodehalogenation of CF3-CFCI-CF3, and they give improved catalyst life. 

The processes of this invention synthesize hexafluoropropylene without production of perfluorisobutylene. 

Detailed Description of the Invention 
Definitions 

For the purpose of this disclosure : 

Catalyst means a solid metal-containing catalytic salt or oxide as charged to the reactor. In many of the 
reactions described, the catalyst may undergo unknown changes in composition during pretrealment and reac- 
tion steps. 

Contact time means the volume of catalyst charged to the reactor in ml. divided by the sum of all gas flow 
rates. In ml/sec, as measured at standard temperature and pressure. 
Halogen means CI and F. 

Chlorofluorination means reaction of afeed containing at least one of the class consisting of propane, pro- 
pylene, and a partially halogenated three-carbon acyclic hydrocarbon with a mixture of CI2 and HF, 

Transhalogenation means the exchange of one halogen in one organic reactantfor another halogen in the 
same or a different organic reactant. 

Disproportionation is a special case in which transhalogenation occurs with only one reactant. In other 
words, it means the exchange of one halogen in the reactant for another halogen in another molecule of the 
same reactant. 

In the following sequences of reactions, conventional procedures may be used for reactant and product 
isolation and. If desired, recycle. Especially useful techniques are fractional distillation or partial condensation, 
it is possible not only to have a separate recovery system for each reaction, as is conventional, but in the case 
of chlorofluorination, fluorination with HF, dehalogenation with hydrogen, and transhalogenation, it is possible 
to combine the product streams for product isolation, recognizing that it is important for the sake of safety to 
remove elemental hydrogen carefully from the hydrogenation product mixture before combining the stream with 
other product mbciures that may contain elemental halogen. 

Chlorine, HF, and HCI are separated by conventional methods. Thereafter, the lowest boiling material (after 
the removal of C-1 and C-2 byproducts) is CaFs, which is a useful by-product ; the next is hexafluoropropylene, 
which is the final product desired ; the next lowest boiling among saturated perhialocarbon intermediates is CF3- 
CFCI-CF3, which can be used in the last step of several sequences. Intermediates containing two or more 
chlorine atoms boil higher, and may be recycled with or without isolation. 

The reaction sequences of the invention, including the final step resulting in hexafluoropropylene, are : 

I. Sequence involving CF3-CFCI-CF3 intermediate 

a) . Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, 
and a partially halogenated three-carbon acyclic hydrocarbon to CF3-CFCI-CF3. More lightly fluori- 
naled by-products may optionally be recycled. 

b) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. In this reaction sequence, dehaloge- 
nation can be accomplished by reaction either with hydrogen or with a suitable metal. 

II. Sequences involving CF3-CCI2-CF3 intermediate : 

IIA. 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, 
and a partially halogenated three-carbon acyclic hydrocarbon to CF3-CCI2-CF3. Less highly fluori- 
nated by-products such as CF3-CCI = CCI2, CF3-CCI2-CF2CI, and CF3-CCI2-CFCI2 may be recycled 
to the chlorofluorination step (a) or are fed to the fluorination step (b), which is 

b) CF3-CCI2-CF3 + HF-)^ CF3-CFCI-CF3. 

c) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. 

In this and the other reaction sequences, reaction with HF includes either high temperature vapor phase 
reaction or lower temperature reactton in the presence of a liquid phase catalyst such as SbCls/HF or SbFs; 
the vapor phase process is px*eferred. 
IIB. 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, 
and a halogen-containing three-carbon acyclic hydrocarbon to a mixture of CFJ-CCI2-CF3 and CF3- 
CFCI-CF2CI. More lightly fluorinated by-products may optionally be recycled. 
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b) Conversion of CaF6Cl2 Isomers to CF3-CFCI-CF3 either by transhalogenatlon or by reaction with 
HF. In the event of disproportionation, by-products can be recycled to step (a). 

c) Dehalogenation of CFa-CFCI-CFa to hexafluoropropylene 

lie. 

5 a) Chiorofluorination of a feed containing at least one of the class consisting of propane, propylene, 

and a partially halogenated three-carbon acyclic hydrocarbon to a mbcture of C3F6CI2 and C3F5CI3 
and C3F4CI4. More lightly fluorinated by-products may optionally be recycled. 

b) Reaction of all isomers produced with HF to give CF3-CFCI-CF3 ; recycling more lightly fluorlnated 
by-products. 

10 c) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. 

III. Sequence involving CF3-CCI2-CF2CI intermediate : 

a) Chiorofluorination of a feed containing at least one of the dass consisting of propane, propylene, 
and a partially halogenated three-carbon acyclic hydrocarbon to CF3-CCI2-CF2CI. More lightly fluori- 
nated by-products may optionally be either recycled or fed to fluorination step (b). 
IS b) CF3-CCI2-CF2CI + HF-4CF3-CFGI.CF3 and CF3-CCI2-CF3, recycling the CF3-CCI2-CF3 formed to 

step (b). 

c) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. 

IV. Sequence involving CF3-CCI2-CFCI2 and CF3-CCIrCCl3 Intermediates : 

a) Chiorofluorination of a feed containing at least one of the class consisting of propane, propylene, 
20 and a partially halogenated three-carbon acyclic hydrocarbon to CF3-CCI2-CFCI2 and/or CF3-CCI2- 

CCI3- 

b) CF3-CCI2-CFCI2 and/or CF3-CCI2-CCI3 + HF->CFrCFCI-CF3. 

c) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. 

25 Chiorofluorination 

The catalysts which are effective for the chiorofluorination of a feed containing at least one of the class 
consisting of propane, propylene, and a partially halogenated three-carbon acyclic hydrocarbon include com- 
pounds of the metallic elements. In use they may be In the form of their fluorides, oxyfluorides, chlorides, 

30 oxychlorides or oxides, but as charged to the reactor they may be In the fomn of any compounds convertible 
to the above compounds under reaction conditions, such as pseudohalides and acid sails. They may be used 
either alone or In combination and in the presence or absence of a support such as, but not limited to, elemental 
carbon. Some minerals such as ceria and didymia contain mixtures of rare earths such as l^, Sm; Nd, and Pr, 
and the salts of these minerals may be more practical to use than those of the pure elements. 

35 Preferred catalysts for the synthesis of C3F7CI are CrzOa, CrzOa on alumina, and mixed oxides of Cr and 

Mn. Prefenred catalysts for the synthesis of C3F6CI2 are supported salts of at least one of Co, Nd, Fe, Cr, Rh. 
Ce, Y, Ni, La ; a compound of Al ; and Lao-8Ceo.2Cr03. Preferred catalysts for the synthesis of mixtures of 
C3F6CI2, C3F5CI3, C3F4CI4, and C3F3CI5 are supported catalysts containing at least one of Zn, Cu. Co, La, Pr. 
Cr, Y, Rh, Nd, Ce, Fe. Sm, and Sn. Acceptable results can be obtained with other metal-containing catalysts, 

40 provided the temperature, contact time, and other reaction conditions are suitably selected. 

In the catalytic chiorofluorination of a feed containing at least one of the class consisting of propane, pro- 
pylene, and a partially halogenated three-carbon acydic hydrocarbon according to this Invention, a temperature 
may be employed of between 100**C and 550**C. However, the preferred temperature is 200**C to 500**C. The 
most preferred temperature is 300*'C to 450*C. The temperature used depends on the contact time chosen. 

45 the catalyst used, and the time the catalyst has been on stream. 

In the chiorofluorination of propane/propylene the concentration of chlorine in relationship to propane/pro- 
pylene may vary over a fairiy broad range. Illustratively, mole ratios of chlorine to propane may be from 8 to 
25, with the preferred range being 9 to 20 and the most preferred range being 10 to 14. Mole ratios of chlorine 
to propylene may be from 7 to 25, with a prefenred range being 7 to 20 and the most preferred range being 8 

so to 16. 

In the chiorofluorination of propane/propylene the concentration of hydrogen fluoride in relationship to pro- 
pane/propylene may vary over a fairiy broad range. Illustratively, mole ratios of hydrogen fluoride to pro- 
pane/propylene may be from 3 to 1 10, with a prefenred range of 20 to 60, and most preferred range of 30 to 
50. 

55 The ratio of HF to chlorine can be varied over the range of 1-7. It is preferable to use higher HF : chlorine 

ratios, such as 2-7. to make highly fluorinated products, such as CF3-CFCI-CF3. 

The above discussion of reactant ratios is based on the assumption that pariialiy halogenated products 
are not being recycled. The large aniounts of HFand CI2 are preferred because the chiorofluorination reaction 
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is so exothermic that It is desirable to operate adiabatically, with large amounts of cooled recycle feed absorbing 
the heat given off by the chlorofluorination reaction. 

In practice, it Is convenient to recycle halocartx)ns that are not fluorinated to the desired degree, so that 
they will be converted to desired products. Alternatively, in addition. Inert gases may be added and recycled 
5 to act as heat sink in an approximately adiabatic reactor. When recyclable intermediates or inert gases are recy- 
cled to the chlorofluorination step, the weight of HF and CI2 in excess of the stoichiometric requirement can be 
reduced. More detail about recycling of intermediates can be found In the discussion below of reaction sequ- 
ence 1, step (a). 

In addition to propane, propylene, recycled intermediates, and mixtures thereof, It is also possible to feed 
10 to the chlorofluorination reaction a partially hatogenated three-carbon acyclic compound. As one example, 1,2- 
dichloropropane is readily available and can be used as the starting material, alone or with other feed materials 
specified above. 

The reaction pressure is not critical. Preferably it may be between 1 and 40 atmospheres, about 20 atmos- 
pheres Is preferred to allow easy separation of HCl from the halocarbons without requiring compression. 

15 The yield of desired products will be determined to a large extent by the temperature and contact time of 

the reactant materials with the catalyst Contact times of the order of 300 seconds or less are suitable. Preferred 
contact times are 0.01 to 100 seconds. Most preferred contact times are 0.05 to 15 seconds. 

When catalysts are relatively inactive or when mild chlorofluorination conditions of temperature, contact 
time, and reactant ratios are used, the products obtained still contain hydrogen, and are often unsaturated. 

20 Somewhat more strenuous conditions or more active catalysts give unsaturated products in which all hydrogen 
atoms have been replaced with halogen. The still more strenuous conditions and/or more active catalysts 
employed in the process of the present invention give saturated halocarbons which are rich in CI. The most 
strenuous conditions or active catalysts give highly fluorinated propanes such as CF3-CFCI-CF3. In all cases, 
recycle of under-chlorofluorinated three-carbon intenmediates results in further chlorofluorination and eventu- 

25 ally in highly fluorinated halopropanes. The preferred temperature, contact time, and reactant ratios depend 
on the catalyst In use, how long It has been on stream, and the chlorofluoropropanes desired to be produced. 

Figure 1 illustrates schematically how the conversion to the various chlorofluoropropanes referred to in the 
previous paragraph changes with increasing severity of conditions when propylene is chlorofluorinated over 
CrOx on Cr203 ; the severity of conditions was varied by changing contact time or temperature. Figure 2 also 

30 illustrates this point, using a different catalyst, CrCl3 on carbon. The abscissa represents increased chlorof- 
luorination severity, as achieved by varying the HF : propylene ratio from 17 to 30, varying the temperature 
from 400 to 440°C, and varying the contact time from 2 to 20 seconds. The first few points are at HF : propylene 
= 17 and 400°C, varying contact time from 2 to 15 seconds. The last few points are at HF : propylene = 30 and 
9 seconds contact time, varying the temperature from 400 to 440^C. Figure 3 also illustrates this point. In this 

35 series of experiments, CF3-CC I = CCl2 was chlorofluorinated over a CraOa catalyst at a contact time of 1 6 sec- 
onds and at a series of temperatures. This figure shows quite cleariy the sequence in which various products 
are formed and the tunability of this novel chemlsfay to provide a desired product. 

While many of the experiments reported used propylene as the feed hydrocarbon, propane can be used 
with similar effectiveness. Examples 101-105 illustrate this point, using the same catalyst, chlorine : propane 

40 ratio, and HF : propane ratio, but different contact times ; all these examples gave at least g7% total yield to 
useful products. 

General Procedure for Chlorofluorination 

4S The reactor was an Inconel® tube with an outside diameter of 0.5 inch (1.27 cm), shaped like a squared 

U. It was charged with the desired amount of catalyst, usually 20 ml, and purged with nitrogen. The reactor 
temperature was increased via a heated fluidizedsand bath to450^C. The nitrogen flow was maintained through 
the reactor during the heating period. When a temperature of about 450''C was achieved, the HF flow was 
initiated and the nitrogen flow was discontinued. The temperature was then adjusted to the desired value. The 

50 HF flow was decreased to the desired value followed by initiating the chlorine and propane (or propylene) flow 
at the desired value. Alternatively, after heating the catalyst at 450°C, the temperature was lowered to ISCC. 
A N2/HF flow was started over the catalyst and the temperature slowly raised to the reaction temperature. 

General Procedure for Product Analysis 

55 

Product analysis was achieved by gas chromatography using a 3m colum from Supeico packed with 5% 
Krytox® fluorinated oil supported on Carbopack® B graphite carbon black. Sample Injection was accomplished 
by an on-line sample valve. The analysis was done at 70*^0 for 8 minutes followed by temperature programming 

5 



BNSDOCtO: <EP 0434409A1 I > 



EP 0 434 409 A1 



at 8 degrees per minute up to aoo-C and held at 200»C for an additional 16 minutes. Product analyses are 
reported as relative area %. 



General Procedure for Preparing Catalyst MQJ C 

(C herein represents carbon. M represents metal, and x represents the valence of M) 

The desired amount of metal chloride was dissolved in 35 to 75 ml of water and the entire solution poured 
over 40 cc of commercial carbon granules (Girdler 41 1 . 0.32 cm pellets). The resulting mixture was allowed to 
stand at room temperature for one hour and was then placed in a vacuum oven at 1 lO'C for 16 to 24 hours to 
remove the water. The catalyst was then pretreated by heating in an atmosphere of nitrogen gas at 450<'C fol- 
lowed by heating In HF at 450»C prior to its use as a chlorofluorinatlon catalyst 

Catalyst Preparation 

The following catalysts were prepared by the general procedure for MClx /C : 



Cfltfllygt 

FeCl3/C 

2nCl2/C 

RhCl3/C 

LaCl3/C 

CrCl3/C(.01X) 

CrCl3/C(lX) 

NdCl3/C 

CeCl3/C 

VC13/C 

PrCl3/C 
Smcis/c 

(ZnCl2 + CoCl2)/C 
(CUCI2 + CoCl2)/C 
(KCl + CoCl2)/C 



St:art:lna Mat:«»T-1p.T 

39. 7g FeCl3.6H20/35cc H2O 

20.44g ZnCl2/75cc H2O 

2.0g RhCl3/75cc H2O 
62.43g LaCl3.7H20/75ce H2O 
0.29g CrCl3.6H20/60ec H2O 
39.17g CrCl3.6H2O/60cc H2O 
57.39g KdCl3.6H20/75cc H2O 
57.4lg CeCl3.8H20/75cc H2O 
48.54g yCl3.6H20/7Scc H2O 
S6.86g PrCl3.6H20/75cc H2O 
58.37g S]nCl3.20/75cc H2O 
30g 2nci2/35g 

C0CI2.6H2O/8OCC H2O 
2.56g CuCl2.2H2O/35.0g 

C0CI2.6H2O/75CC H2O 
1.12g KCl/35g 

C0CI2.6H2O/75CC H2O 



(IaCl3 + CoCl2)/C 



carbon. 



5.57g liaCl3.7H20/3Sg 
C0CI2.6H2O/75 cc H2O 
The crci3/c catalyst was 29% CrCl3 on 



Preparation of CoO/CrgOa 

CrzOa. 100 g. was slurried in a solution of 4.94 g of cobalt nitrate in 500 ml of distilled water for 30 minutes. 
The water was then removed from the soluUon via a rotary evaporator and the crude catalyst was dried in a 
vacuum oven and then heated at450"C for one hour. 

Preparation of NiO/CraOa 

6 
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CraOa, 100 g, was slurried In a solution of 5.0 g of nickel nitrate in 500 ml of distilled water for 30 minutes. 
The water was then removed from the solution via a rotary evaporator and the crude catalyst was dried in a 
vacuum oven^nd then heated at450*>C for one hour. 

5 Preparation of Cr-oxide on Alumina 

CrCl3.6H20, 134 g, was dissolved in 1000 cc H2O. To this solution was added 45 g of a low alkali metal 
content AI2O3. The slunry was stirred and heated to SO'^C. The pH of the hot solution was adjusted to 9 with 
concentrated ammonium hydroxide. The solution was stirred for one hour at 90**C and then allowed to cool to 
10 room temperature. The crude solid was filtered, washed five times with 100 cc of H2O and dried In a vacuum 
oven at 11 0*^0. The catalyst was mixed with 1-5 weight % "Sterotex" powdered lubricant (registered trademark 
of Capita! City Products Co, Columbus, Ohio, dlviston of Stokely-Van Camp, for its edible hydrogenated veget- 
able oil) to give 1/8" diameter x 3/16" long cylindrical pellets from a Stokes tablet machine. 

IS Preparation of Cr-oxIde/AIFa 

CrCl3.6H20, 134 g, was dissolved In 1000 cc H2O. To this solution was added 45 g of AIF3. The slunry was 
stirred and heated to 90^*0, The pH of the hot solution was adjusted to 9 with concentrated ammonium hyd- 
roxide. The solution was stirred for one hour at 90°C and then allowed to coo! to room temperature. The crude 
20 solid was filtered, washed five times with 100 cc of H2O and dried in the vacuum oven at 1 10**C. The catalyst 
was mixed with 1-5 weight % "Sterotex** powdered lubricant to give 1/8" diameter x 3/1 6" long cylindrical pellets 
from a Stokes tablet machine. 

Preparation of RhCyCr^ Oz 

25 

CrzOz, 100 g. was slurried in a solution of 2.6 g of RhCIs In 500 ml of distilled water for 30 minutes. The 
water was then removed from the solution via a rotary evaporator and the crude catalyst was dried In a vacuum 
oven and then fired at 400*'G for one hour. 

30 Preparation of Cro .sMno£02 

Cr(N03)3.9H20, 400.15 g, and 287.06 g of M(N03)2.6H20 was dissolved in 1000 cc H2O. The pH of the 
solution was adjusted to 9 with concentrated ammonium hydroxide. The crude solid was collected by filtration 
and dried in the vacuum oven and fired overnight at SOC^C. The catalyst was mixed with 1-5 weight % "Sterotex" 
35 powdered lubricant to give 1/8" diameter x 3/16" long cylindrical pellets from a Stokes tablet machine. 

Preparation of Lao .BCeo. 2Cr03 

La(N03)3.6H20. 348.4 g, 86.8 g of Ce(N03)3.6H20 and 400.15 g of Cr(N03)3.9H20 were dissolved in 1000 
40 cc H2O. The pH of the solution was adjusted to 9 with concentrated ammonium hydroxide. The crude solid was 
collected by filtration, washed with water and dried in the vacuum oven. The catalyst was fired at 600'C for 
four days with daily grinding and mixing. The catalyst was mixed with 1-5 weight % "Slerotex" powdered lul>- 
ricant to give 1/8* diameter x 3/1 6" long cylindrical pellets from a Stokes tablet machine. 

45 Preparation of Zro .sCro^s0 1,5-2.0 

ZrO(N03).xH20. 100 g. and 159 g of Cr(N03)3.9H20 was dissolved in 2750 cc of H2O. The pH of the sol- 
ution was adjusted to 9 with concentrated ammonium hydroxide while vigorously stirring the solution. The crude 
solid was collected by filtration, washed with water and dried In the vacuum oven. The catalyst was fired at 
so 500*»C overnight The catalyst was mixed with 1 -5 weight % "Sterotex" powdered lubricant to give 1/8" diameter 
X 3/16" long cylindrical pellets from a Stokes tablet machine. 

Preparation of Lao .7Sro, 3CrOojrFoji 

55 La(N03)3.6H20, 303.1 g, 400.2 g of Cr(N03)3.9H20 was dissolved In 1 000 cc of H2O. The pH of the solution 

was adjusted to 9 with concenbated ammonium hydroxide. SrF2, 37.7 g, was added and the slurry was stin-ed 
for 30 minutes. The crude solW was collected by filtration, washed with 500 cc of H2O and dried in a vacuum 
oven. The catalyst was fired 4 days at 600*»C with daily grinding and mixing. The catalyst was mixed with 1-5 
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weight % -Sterotex- powdered lubricant to give 1/8" diameter x 3/1 6" long cylindrical pellets from a Stokes tablet 
machine. 

Preparation of CrO^ on CrgOa 

In 2000 ml of water was dissolved 160 g CrOs. Eight portions of 10 ml ethanol were added at 5-minule 
intervals, with stinring. The mixture was stirredfor 4 hours, and then 80 ml more ethane! was added with stin-ing 
The mixture was refluxed overnight with stirring. The entire mixhire was evaporated to dryness in a rotary 
vacuum drier, allowing the remaining dissolved solids to deposit on the chromia gel. Then drying was completed 

in a vacuum oven at 110-a Pellets 0,125" (3.18 mm) In diameterwere formed after 
powdered lubricant 

Dehydration of Cr2 03 Catalysts 

When hydrous chromium oxide is used in making a catalyst, that catalyst is preferably heated to 450-0 
for about one hour with a flow of a gaseous diluent such as nitrogen, to dehydrate the hydrous chromium oxide 
before the catalyst is used. 

CHLOROFLUORINATION EXAMPLES 



In all of the Examples herein : 

Yield, as reported In the examples, is calculated from peak areas obtained In gas chromatographic analysis 
This IS a common technique in product identification, even though various compounds have somewhat different 
response factors. 

Conversion of hydrocarbon in all chlorofluorinatlon reactions is complete. Conversion to a parUcmarproduct 

in the examples is calculated from peak areas obtained in gas chromatographic analysis. 

^^""^"^^'^ a tubular reactor of less than about 1 cm in diameter is measured with a thermocouple in 

the heat transfer medium outside the tube. Temperature in a tubular reactor of more than about 1 cm diameter 

30 In wrl'IZ-^th an internal well. In large scale reactors, there are several thermocouples 

30 in the well so that the temperature profile can be observed. 

The condiUons and results of propylene chlorofluorination experiments directed toward saturated halocar- 
bons are recorded in Table I (Examples 1 to 22). in which Ct means contact time in seconds, and other abbrevi- 
ations are defined. Examples which are preferred for making CF3-CCI2-CF2CI are 6 and 21. Examples which 

3S ToF^iTrJ ""^H "r?c''?;SPIrJ' '^^ P'"""^* ^^""P'^^ ^ '° 6- ^«'"P'« 9 mixture 

35 of CF3-CCI2-CF3 and CF3-CFCI-CF2Ci. 

Note that the footnote to Table I explains that the remainder of the products consists of materials which 
are underhalogenated and can be recycled. This means that the yield to the most highly fluorlnated product 
mentioned approaches 100%. provided recyclable intennediates are recycled in equally high yield 

The metal salt or oxide catalysts employed in the preferred process of this invention are considerably more 
active than carbon pellets alone. This is Hluslrated in Table II. in which the temperatures, contact times and 
rabos of reactants are similar. Note that considerably larger quantities of saturated perhalocarbons are r^ade 
when the promoted catalysts are used. 

To make CFa-CFCI-CFa and recyclable intemiediates. propylene was chlorofluorinated over CrOvon CraOa 
as shown in Fig. 1. ^ ■* 

tramples of the chlorofluorinatlon of propane are summarized by Examples 24 to 28 in Table 111 showing 
that CF3CCI2CF3 was made in conversions of up to 81%. with yields to this product plus recyclable inter- 
mediates of 85-88%. 

SYNTHESES OF HEXAFLUOROPROPYLENE 
I. Sequence of Reactions Based on CFa-CFCI-CFa 

Sequence I Is attractive because it requires only two steps, with resultant process simplification and reduo 
Don in plant investment and operating cost 

a) Chlorofluorination of propane and/or propylene and/or partially halogenated three-carlwn acyclic hyd- 
rocarbon to CF3-CFCI-CF3. optionally recycling all more lightly fluorinated Intermediates (see the sec- 
tion on Chlorofluorination Examples, and particularly see the Examples of Sequence I 

b) Dehalogenation of CF3-CFCI.CF3 to hexafluoropropylene. In this reaction sequence, dehalogenation 
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can be accomplished by reaction with hydrogen or a suitable metal. 

(i) Hydrogenation. While any hydrogenation catalyst could be used, the most active catalysts, such as Pt 
and Pd, are poor selections because, in addition to the desired products, they lead to the addition of hydrogen 
across any double bond present or to the substitution of hydrogen for chlonne, thus reducing the yield of desired 

5 products and requiring recycl e. These effects are not desirable, but do not substantially reduce the overall yield 
to hexafluoropropylene, because the hydrogen-containing by-products can be recycled to the chlorofluorination 
step. Catalysts containing excessive amounts of Ni may give this somewhat undesirable result. 

Catalysts which are preferred Include, as charged to the reactor, common hydrogenation catalysts such 
as Cu, NI, Cr. or combinations thereof, optionally promoted with compounds of Mo, V, W, Ag, Fe, K, Ba, or 

10 combinations thereof. It is not critical whetherthecatalysts are supported ornot, but some of the better catalysts 
Include unsupported copper chromite. However, supports which are unreactive to halocarbons, HF, and oxygen 
at hydrogenation temperatures and up to 1 00'' higher such as metal fluorides, alumina, and titanta, may be used. 
Particularly useful are supports of fluorides of metals of Group II of the MendeleefF periodic table, particularly 
Ca. A preferred catalyst is made of equimolar quantities of Cu, Ni, and CraOa on CaFa. 

15 An especially preferred catalyst contains 1.0 mole CuO, 0.2-1 mole NiO. 1-1.2 moles CraOa on 1.3-2.7 

moles of CaF2, promoted with 1-20 weight %, based on the total catalyst, of an alkali metal selected from K, 
Cs, and Rb, preferably K. When K is the promoter, the prefen-ed amount is 2-15 weight % of the total catalyst, 
but the method of adding the K is not critical. For example, It may be added as a salt or base. 

This catalyst is not only useful for the reaction CFa-CFCI-CFa + Ha-j-CFaCF = CF2, but also for correspond- 

20 ing hydrodehalogenatlons CFCI2-CF2CI + H2->^CFCI - CF2 and 
CF2CI-CF2CI + H2->CF2 = CF2. 

The catalyst is prepared by coprecipitating.from an aqueous medium, salts of copper, nickel and chromium 
with and preferably on calcium fluoride ; washing, heating, Altering and drying the precipitate ; depositing an 
alkali metal salt on the precipitate ; and calcining the precipitate to convert the copper, nickel and chromium to 

25 ^ the respective oxides. Copper, nickel and chromium salts suitable for use herein include the chlorides, fluorides 
and nitrates, with the nitrates being especially preferred. 

The catalyst may be granulated, pressed into pellets, or shaped into other desirable forms. The catalyst 
may contain a binderto help ensure the physical integrity of the catalyst during granulating or shaping the catal- 
yst into the desired form. Suitable binders include carbon and graphite, with carbon being preferred. When a 

30 binder Is added to the catalyst, it nomnaliy comprises about 0.1 to 5 weight percent of the weight of the catalyst. 

Another group of catalysts which showed good lifetime in the hydrodehalogenaflon of CF3-CFCI-CF3, 
CF2a-CF2CI, or CFCI2-CF2CI is 1.0 CuO/0.2-1 NiO/1-2 Cr2O3/0.4-1 MoOs/O.S^ CaF2. optionally promoted 
with at least one compound from the group consisting of MgF2, MnFa, and BaF2 or with a trace of Pd or WO3. 
Two of these hydrodehalogenation runs were shut down after 1 53 and 361 hours, respectively, while still giving 

35 good results. 

After it is charged to the reactor, the hydrogenation catalyst is reduced with hydrogen at or somewhat above 
the desired reaction temperature before the chlorofluorocarbon feed is started. 

After use in the hydrogenation reaction for a period of time, the activity of the catalyst may decrease. When 
this occurs, the catalyst activity can be regenerated by stopping the flow of hatocarbon, flushing the bed with 
40 a gas such as hydrogen, air, or oxygen, at a temperature near or up to 100** higher than the hydrogenation 
temperature for at least several minutes. (A temperature higher than the hydrogenation temperature is normally 
used, but a lower temperature can be used with hydrogen.) After the flushing step, the reactor temperature is 
readjusted to the hydrogenation temperature before resuming the hydrogenation reaction. While the inventors 
do not wish to be bound by any hypothesis, it is believed possible that catalyst activity deteriorates when the 
45 halocarbon feed deposits a small amount of polymer on the catalyst. Heating to a higher temperature in the 
presence of a flowing gas may pyrolyze the polymer to volatile fragments, which are swept away by the gas. 
The nature of the gas is not critical, but hydrogen is preferred. 

A suitable temperature for the hydrogenation step is 250-55D'*C. preferably 350-476**, and most preferably 
400-450°. A suitable contact time is 0.1-120 seconds. A preferred contact time is 0.3-60 seconds, and the most 
50 preferred contact time is 0.5-15 seconds. 

Suitable pressure in step (b) is 0-100 atmospheres gauge. Preferred is 0-50 atmospheres, and most pre- 
ferred is 2-30 atmospheres. 

As those skilled in the art appreciate, there is a relationship between catalyst activity, temperature, press- 
ure, and contact time such that more active catalyst and higher pressure permit operation at lower temperature 
55 and shorter contact time. 

(ii) Dehalogenatlon with a metal. The elements of CI2 or CIF can be removed from a halocarbon using a 
metal such as Zn, Mg, Cu, Fe, or Ni or a combination of such metals. It Is preferable to use Zn. It is also pref- 
erable to use a polar organic solvent for this reaction, such as an alcohol, ether, dioxane, anhydride, or nitrile. 
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The temperature may be 25-200»C. preferably 70-200'>C., and the time of reaction, which depends on the rea- 
gent and the temperature, can be determined by routine experimentation. 

Examples of Sequence i 
Step la) Chlorofluorinatlon 

In this work the catalyst charged was chromium oxide trihydrate, and dehydration of the catalyst was con- 
ducted at 400°C with a flow of HF. 
10 Pressure reactions were carried out in a 1 inch by 7 foot (2,64 cm by 2.1 m) Inconel© tubular reactor with 

excess HF to absorb most of the evolved heat. It was possible to maintain catalytic activity over a period of 
four weeks, operating during the day shift only, and at this time the reactor was shut down voluntarily 

Example 29. Feed rates In mols/hour were 44 HF. 22 CI2, and 1 propylene. Operation was at 420oc. at 
115 pounds/square Inch absolute (790 kPa). The conversions to various products were • 

IS 



20 



25 



30 



60 



C3F7C1 


30 


C3F6C12 


52 


C3F5CI3 


8 


C3F7H 


5 


CsFeClH 


5 


C3F5CI2H 


0.1 


C3F8 


0.9 


C2F5CI 


0.3 



Example 30. The conditions were the same as In the previous example except the temperature was 390*»C. 
The conversions to various products were : 





C3F7CI 


IB 


3S 


C3F6CI2 


45 




C3F5CI3 


12 




C3F7H 


7 




C3F6CIH 


14 


40 


C3F5CI2H 


3 




C3F6H2 


0.1 




C3F8 


0.1 


45 


C2F5CI 


0.5 



in these examples all products are recyclable except CgFa and C2F5CL 

Examples on Table I which show good yields to CF3-CFCI-CF3 and intermediates which can be recycled 
are Examples 2-4 and 7. 

Example 31. This example was carried out In a two-inch by five-foot (5 cm x 1 ,5 m) tubular InconeH© reactor, 
giving CF3CFCICF3 as the chief product. Feed rates in moles/hour were 90 for HF. 35 for Qa, and 1.5 for pro^ 
pylene. The temperature was 440»C and the pressure was 1 16 pounds per square Inch (790 kPa). Conversions 
to various products were : 



55 
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C3F7CI 

C3F6CI2 

C3P5CI3 

C3F7H 

C3F6CIH 

C3F8 



75 



2 



7 



5 



3 



5 



10 



C2F5CI 



2 



Examples 32-33. The reactor was a 1 inch (2.54 cm) Inconel® tube packed with 50 inches (1,27 m) of catal- 
yst bed. The catalyst was chromium oxide trihydrate from Shepherd Chemical Company. In this flow system, 

IS HF and propylene were mixed and chlorine was added, and the mixture was passed into the reactor. Table IV 
shows the results obtained, with very good yields to CF3-CFCI-CF3 and recydables. 

Examples 34-41. Several pressure chlorofluorinations were carried out to show that underfluorinated byp- 
roducts can be recycled, with or without added propylene. The reactor was an tnconel® tube 2" x 5 ft (5.1 cm 
diameter x 1 ,52 m), and the catalyst was the same as in Example 29. The pressure was 690 kPa. The ^'recycle 

20 organic** feed was the product of the chlorofiuorination of propylene from which the C3F8 and CF3-CFCI-CF3 
had been largely removed by distillation, and this feed composition Is shown in the first column of Table V. From 
these experiments it was demonstrated that the byproducts In the chlorofiuorination can be recycled to make 
C3F8 and CFs-CFCI-CFs. 

25 Step lb) Dehalogenation of CF3-CFCI-CF3. 

lb (i) Hydrogenation. 

Example 42. A 1 : 1 molar mixture of hydrogen and CF3-CFCI-CF3 was passed over a BaCr04-modlfied 
copper chromite catalyst at 400*»C and atmospheric pressure at a contact time of 15-20 seconds. In several 

30 experiments, the once-through conversion to hexafluoropropylene was 60-70%. with C3F7H the major by-pro- 
duct. This could be recycled to step (a) for further chlorinatlon, so the overall yield was excellent. 

Examples 43-45. For these examples, an Inconel® BOO U-tube reactor was made from 24 inches (61 cm) 
of 0.5 Inch (1.3 cm) tubing. Each arm of the U-tube was 8 inches (20.3 cm) long, as was the bottom. The inlet 
and outlet to the reactor were 1/4 inch (0.64 cm) tubing, and tees allowed 1/8 inch (0.32 cm) thermowells to 

35 be placed in each end of the tube. The reactor tube was totally filled with catalyst so that as the cool feed gases 
were heated, they were in contact with the catalyst. The inlet thermowell Indicated that the gases were at reac- 
tion temperature within the first 4 inches (10.2 cm) of the reactor length. Because of the preheat length and 
the length of tubing above the level of the alundum, the actual heated length of the reactor was assumed to be 
12 inches (30.5 cm). A separate thermocouple was kept in the fluidized bath to verify the batch temperature. 

40 The cooled product from the reactor was passed into a small polypropylene trap, then into a 20% KOH 

scrubber made of polypropylene. The heat of reaction of HF and HQ with the alkali was never great enough 
to heat the solution above 50°C. The product then went through a water scrubber, a small bed of Drierite , and 
then to a cold trap in dry ice/acetone where the products and unconverted reactants were collected. 

The main analysis tool used for this work was a temperature programmable Hewlett-Packard 5880A gas 

45 chromatograph with a thermal conductivity detector. This dual column unit was equipped with a pair of 8-foot 
X 1/8 inch (2.43 m x 0.32 cm) stainless steel columns packed with 1% SP-1000 on 60/80 mesh Carbopack B 
purchased from Supeico, Inc (catalog no. 1-2548). These columns were run with helium flows of 30 cc/minute. 
The column was started at 50*'C for three minutes, then heated to ISO^'G at a rate of 20'*C/minute, and held 
there for another 15 minutes if necessary. 

50 Three methods were employed in preparing the various catalysts : 



A. Pyrolysis of nitrates. In this method the ingredients such as commercial copper chromite, chromium 
nitrate, M0O3. etc., were prepyrolyzed in a resin kettle until all the removable water and volatiles were 
gone, and then the residue was calcined at 650''C for at least three hours, usually overnight. 

B. The various metal cations were precipitated from aqueous solution by adding KOH and KF solutions. 
The crude solids were filtered, washed well with water, prepyrolyzed and calcined as above. 

B*. This method was similar to B, except that precipitation was sequential, rather than simultaneous. 
Typically, CaF2 was precipitated first, allowed to age at least 24 hours, and only then were the hydrated 
oxides of transition metals precipitated onto the CaF2 particles. 
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Several dozen catalysts were evaluated, and most of them gave 80-97% yield from CFa-CFCI-CFa to hexaf- 
luoropropylene. Three of the best runs are shov/n as Examples 43-45. 

The catalyst for Example 43 was CuO/CraOa/NiO/O.Q M0O3/2.I CaFa. made by method B 
ixamfilsJi used a CuOyNIO/CraOa/ZTCaFa catalyst, prepared by method B*. which perfomied for over 
130 hours of intermittent hydrogenation. and was still active as the experiment was voluntarily temiinated 
Example 45 used as catalyst CuO/1 .2 CrzOa/O.g NiO/1 .7 CaF2fl<*, prepared by method A. 
The results for these examples are shown in Table VI. 

^^^5me!§iMused pellets of a CuOflMiO/CisOa/ZT CaFa catalyst which had been soaked In KOH untn they 
contained, after drying. 7.9 weight percent K. The yield to HFP at 400«C or at 420-C after extended operation 
was quitesuperiortothatobtained with similar catalysts containing 0.08% orO.1.2% K. and was slightly superior 
to that obtained with similar catalysts containing 4.6, 8.9. 9.6. and 15.1% K. a 7 h 

loss^^ by-products made in the hydrogenation step are recycled to step (a), so they do not represent a yield 

IxamEleiM- This hydrogenation was also carried out at elevated pressure, as shown in this Example. A 
reactorwasmad^^^^^ 

1.0 9 of CuO/NiO/Cr203^.7 CaFz. which was conditioned with hydrogln at atmospheric pressure at ScTr 
?5S.5r;2l Mn5! H^^ofiTf ^ pressurized with nitrogen and fed 95% pure CF3-CFCI-CF3 and hydrogen at 
1 50-200 ps^ (1 034-1 379 kPa) continuously at 420°C for 46 hours. The converalon of CFa-CFCI-CFs was 20% 
and the yield of hexafluoropropylene from converted CF3-CFCI-CF3 was 98-1 00%. 

0 «nn°.oT'"ur!^°"' ^ ^"^^^ ™" conditions with the Oi/Ni/CraOa catalyst of U S 
2 900 423 which gave higheryield to hexafluoropropylene for the first 10 hours, after which the yield decreased 
Sharply while the yield in Example 46 was steady or increased. 

lb (ii). Reaction with a suitable reducing metal. 

.5 vari ou^aTLlnL ^fTddedK''' of CuO/NiO/Cr.03«.7 CaF. containing 

.ftnn^nl^r "^"""T ""^If ^^-^ '""'^^^ "'^^'^ ^''^ ^•'^ '""'^^ °^ KF. heated and stirred briefly 
at 1 00 C to form a slurry of CaFz. To this slurry were added 1 mole of chromium nitrate, and 1 mole of chromiurr, 

nf/oL!! ^^J"^ ^^"^'^ ^' <°"^«^ CaF2) dissolved. Then 0.1 mole 

^ ^ °' ^ """^ ^""^ '"^'^ boned briefly. The slurry was cooled 

to 40-50 C and mered. The solid was washed exhausOvely to reduce the K content to an undetectable level 
After diy ng. KOH was added as a solution In quantities sufTicient to provide the K contents shown in Table 8. 
Af^er drying, the catalyst was calcined at eoo»C for 8-1 6 hours, then granulated and screened to 1-2 mm par- 

Hydrodehalogenation performance was tested In a reactor comprising a 6.4 mm outside diameter U-tube 
of nconel®. In each reaction 1 gram of the catalyst was loaded in the reactor along with 1.5 grams of Inconel® 
chips Which served as a preheat section. The Inconel® reactor was immersed in a sand bath for heating pur- 
«on!^" ^*!f P^'^W^e catalysts were reduced by heaUng at atmospheric pressure in 50 cc/min of H2 at 25- 
^ ?J ^' ""^ temperature for 3 hours. The reacUon was then conducted at 1700 kPa (250 psiq) 

and 420-C with a hydrogen feed rate of 22 std. cc/min H2 and a CF3CFCICF3 feed rate of 1 1.3 grams/hour (1 • 

1 mol ratio). Perfonnance was measured by taking seven on-stream gas samples at forty-minute Intervals] 
analyzing using a gas chromatograph. and averaging the results. 

Next, the catalyst was subjected to a reactivation sequence which comprised a 15 minute nitrogen-gas 
purge at atmospheric pressure and 420-C. followed by oxidation for one hour in 30 cc/min air at a catalyst-bed 
Inlet temperature of 420'C. a 15 minute nitrogen-gas purge, then reduction using hydrogen at 520'C for 65 

43 minutes, and cooling the catalyst to 400''C in a nitrogen atmosphere over a 20 minute period 

Next^synt hesis activity at 400-C>420°C was again measured using the same reaction conditions as above- 
descnbed. Seven syntheses samples were taken at regular inteivals at 400'C. followed by eight sample sequ- 
ences taken at regular intervals at 420<'C. and then at 400-C. Four cycles were conducted using catalyst 
samples containing 0.08 to 15.1 weight percent K. The results are set forth in Table VIII 

so Cycles 3 and 4 are reported in Table VIII ; the selectivity pattern in the last two cycles of the experiment 

IS a useful predictor of long-term catalyst peribnnance. Selectivity In Table VIII is defined as mols of HFP pro- 
duced per mol of CF3CFCICF3 consumed based upon gas chromatography analysis of reactfon off-gas. Table 
yill shows that the average selectivrty of all catalysts with a potassium content of 4.6% or higher was higher 
in the fourth test cycle than in the third. Catalysts with a potassium content of 1.2% or less show a fall-off in 

55 selectivity in the last two cycles. 

The ^talyst with a potassium content of 7.9 weight percent was tested for 1070 hours and found to be 
active and selective in the synthesis of hexanuoropropyfene from CF3CFCICF3 at the end of the test 

The above Examples demonstrate that potassium extends the life and enhances the activity of the catalyst 
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Example 47 . Into a one-liter autoclave containing a few steel bearings to facilitate agitation were placed 
65 g. zinc dust, 15g. copper powder, and 250 ml. acetonitrile. The autoclave was cooled and charged with 100 
g, of halocarbons, of which 96.3 g. was CFa-CFCI-CFa, 0.7 g. was hexafluoropropylene, and 1.2 g. was C3F7H. 
The autoclave was shaken for 8 hours at 150*C. After cooling to room temperature, the contents were vented 
5 slowly into a cylinder cooled to -80**C. Gas chromatographic analysis of the product showed 55% of the CF3- 
CFCI-CF3 was converted. The yield to hexafluoropropylene was 29% and the yield to C3F7H was 68%. This 
by-product can be chlorinated to CF3-CFCI-CF3 for recycle. 

II. Sequences of Reactions based on CFa-CCIrCFa 

10 

IIA. 

a) A feed containing at least one of the class consisting of propane, propylene, and a partially haloge- 
nated three-carbon acyclic hydrocarbon is chlorofluorinated to CF3-CCi2-CF3. Less highly fluorinated by- 
products such as CF3-CCI = CCI2, CF3-CCI2-CF2CI, and CF3-CCI2-CFCI2 may be recycled to the 

15 chlorofluorination step (a) or fed to the fluorlnation step (b). 

b) CF3-CCI2-CF3 + HF->CF3-CFCI-CF3 

c) CF3-CFCI-CF3 is dehalogenated to hexafluoropropylene 

Examples of Sequence IIA (Examples 1 -9) 

20 

IIA a) for this step (a), chlorofluorination to CF3-CCI2-CF3, recycling all more lightly fluorinated intemiediates 
and also CF3-CFCI-CF2CI, see the section on Chlorofluorination Experiments, especially Examples 1-6 and 8. 
Example 9 makes a useful mixture of CF3-CCI2-CF3 and CF3-CFCI-CF2CL 

Example 48 . Propylene was chlorofluorinated over CrFs.S.SHzO at 440*0 and 115 psia (793 kPa) using a 
25 feed of 100 mole/hr propylene, 30 moles/hr chlorine, and 30 moles/hr HF. Yields were 12% to CF3-CCI2-CF3, 
42% to CF3-CCI2-CF2CI, 18% to CF3-CCI2-CFCI2, 4% to C3F4CI2, 13% to C3F3CI3, 5% to C3F3HCI2, 0.4% to 
CdFsHCU, and 3% to 2-carbon compounds. This conresponds to a yield to CF3-CCI2-CF3 and recyclables of 
93.3%. 

IIA b) Example 49 . CF3-CCI2-CF3 (64-403 cc/minute) and HF (50 cc/mlnute) were passed over Cr203 at 

30 400'>C at a contact time of 18-71 seconds. Analysis showed about 28% conversion of the starting material. The 
conversion to CF3-CFCI-CF3 was 26%, corresponding to a yield of 91%. The results were Independent of the 
ratio of HF to CF3-CCI2-CF3. 

At the end of this experiment, which was on stream about 65 hours, the feed composition was changed by 
the addition of 10 cc/hour of chlorine. This improved the yield, measured after another 16 hours on stream, to 

35 93-95%, though the conversion of starting material decreased measurably. This confirms the known obser- 
vation that the overall performance of a catalyst system frequently improves when a small amount of oxidant 
is added to the feed. While oxygen might be used as the oxidant, chlorine is preferred because it avoids the 
possibility of adding water to the reaction mixture. 

Example 50 . In this Example, the catalyst was 9 wt.% CrCIs on Harshaw#3945 AI2O3, a low alkali aluminum 

40 oxide support It was pretreated with 450 cc/minute HF and 1000 cc/minute dry air at 250-4 10®C for 20 hours. 
The treated catalyst had an apparent density of 0.984 g/cc. CF3-CCI2-CF3 was then fed at 18 cc/minute, along 
with 50 cc/minute HF at 450*'C. for a contact time of 22.2 seconds. After 40 hours, the conversion to CF3-CFCI- 
CF3 was 33% and recovered reactant was 63%, for a yield of 90%. 

Examples 51-57. Under some conditions a mixture of CF3-CCI2-CF3 and CF3-CFCI-CF2CI is obtained, and 

45 Table VII shows that this mixture can be converted to CF3-CFCI-CF3 in moderate conversion and very good 
yield. These results were obtained in a 14 inch (35.6 cm) by 1/2 inch (1.27 cm) diameter Inconel® 600 reactor 
tube with an inside diameter of 0.43 inches (1.1 cm) in a split tube furnace using 34 grams of chromium oxide 
catalyst at the conditions shown in Table VII. The volume of the tube at temperature was 19 cc. The reactants 
(feed composition) and products are on an HF and HCl free basis, as these materials were scrubbed from the 

so product stream. 

Example 58. CF3-CFCI-CF2CI was reacted with HF over the same chromium oxide catalyst at 450-470°C. 
in a 3/4 inch (1.9 cm) lnconel<g> 600 reactor that was 26 inches (66 cm) long, of which 20 inches (51 cm) was 
at temperature. Typical results for runs using a feed rate of 0.95 moles/hour of CF3-<3FCI-CF2CI and 1 .1 
moles/hour of HF, expressed in gas chromatograph area %, were : 

55 
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SO 





0.1 


C3F8 


2.2 


CF3-CFC1-Cr3 


45.8 


C2F5-CF2CI 


3.6 


CF3-CCI2-CF3 


40.0 


CF3-CFCI-CF2CI 


6.0 



CF3-CC1=CF2 0.2 



1^?*^^ * the majority of the reactant that was not converted to the desired product was Isomerized to the useful 
CF3-CCI2-CF3. The yield to CFa-CFCi-CFa and recyclable intermediates was 93%, 

Example 59. CF3-CCI2-CF3 (12 cc/mln) and HF (48 cc/min) were passed over CraOa at 4e5»C and a contact 
time of 7.6 seconds. The conversion to the desired productdecreased with time, as usually happens in catalytic 
reachons, but after 850 hours on stream, the product contained 70% starting material. 26% CF3-CFCI-CF3 
0.9% perfluoropropane. 0.1% CgFeHCI. and 0.1% CFa^CI = CF2. Thus the yield from converted starting ma- 
teria! was 87%. " 

Example 60. Similar results were obtained in shorter runs at 100-200 psig (690-1380 kPa) over the same 
kind of catalyst For example, at 100 psig (690 kPa). 23 cc/min of CF3-CCI2-CF3 and 53 cc/mln HF were passed 
over Cr203 at a contact time of 24 seconds at 437«C to gh/e 32% conveisfon to CF3-CFCI-CF3 at high yield 
after 34 hours on stream. 

Example 61. This step (b) reaction was also canied out at a pressure of 100 psig (690 kPa). The reaction 
vras earned out in a U-tube with inside diameterO.43 inches (1.1 cm), using 30 co Cr203 catalyst at400-437-C 
The flow of HF was 53 cc/mlnute and the flow of CF3-CCI2-CF3 was 23 cc/mlnute. The contact time was 24 
seconds. The results are presented below : 

30 y^pip, 'C Conversion to Yield (assuming 

gF-^-gFCl-gn other products were 

gtarttna mAii^ri^f) 

^00 5.5% 

425 20 88 

437 32 



86 



The halogen exchange reaction of step (b) was also can-led out under completely different conditions, using 
SbFs reartant. In general, replacement of a with F can be can-led out with Sb fluorides In the (III) or (V) valence 
state, or a mixture of these. Sb chlorides plus HF can also be used. The temperature range can be 25-250X 
and the Ume can be 15 minutes to 15 hours. Preferably, the temperature is 150-200'. the reagent is SbFs and 
the time is long enough to provide a reasonable conversion of starting material. Higher temperature, longer 
time, and higher Sb valence tend to higher conversion. As pointed out in Sheppard and Sharts. Organic Fluorine 
Chemistry. W. A- Benjamin, Inc.. 1969. the presence of F on a carbon adjacent to a C-CI bond deactivates the 
CI toward replacement using Sb halide. The group— CCI3 Is easier to fluorinate than the group— CCI2— Car- 
bon-fluonne bonds activated by an adjacent double bond react more readily with Sb fluorides. 

Example 62. 20.6 g SbFs and 20 g CF3-CCI2-CF3 were charged to a 150 ml Hastelloy pressure tube and 
agitated for 4 hours at 200-C. The tube was cooled to room temperahjre and discharged into an Orsat bulb for 
analysis, which showed 70% CF3-CFCI-CF3 and 29% starting material. Thus the conveislon was 70% and the 
yield from converted starting material was 98%. 

ilAc) See step 1(b) 



55 IIB. 



a) Chlorofluorlnation of a feed containing at least one of the class consisting of propane, propylene, and 
a partially halogenated three-carbon acyclic hydrocarbon to a mbcture of CF3.CCI2-CF3 and CF3-CFCI- 



14 



SOOCID: <EP P434409AI I > 



EP 0 434 409 A1 



CF2CI, optionally recycling more lightly fluorinated by-products 

b) C3FeCl2 is converted to CF3-CFCI-CF3 by transhalogenation or by reaction with HF. In the case of dls- 
proportionation, by-products can be recycled to step (a) 

c) CF3-CFCI-CF3 Is dehalogenated to hexafluoropropylene. 

5 

Examples of Sequence IIB 

IIB a) For examples of step (a), see the section on chlorofluorlnatlon. 
lIBb) 

io Example 73. In step (b). transhalogenation or disproportlonallon, CF3-CFCI-CF2CI (the pure Isomer, in this 

example)(1.67 ml/mlnute) was passed over181.2 ml of CraOa at 420 *C at a contact time of24 seconds. Con- 
version to CF3-CFCI-CF3 was 7% and conversion to CF3-CCI2-CF3 was 55.3%. while 6.5% of the starting ma- 
terial was recovered. Some less highly fluorinated by-products were obtained and could be recycled. 

Example 22 of U.S. 3,258,600 shows that the reaction of CF3-CFCI-CF2CI with HF over chromium oxide 
IS at 425**C gave 96.7% yield of CF3-CFCI-CF3 based on recovered organic products. For other examples of the 
reaction of C3F6CI2 with HF, see IIA (b). 

Conditions for the chlorine replacement reaction with antimony fluoride are similar to those described in 
IIA (b). 

IIB c) step (c) Is the same as 1(b). 

20 

lie. 

a) Chlorofluorinatlon of a feed containing at least one of the class consisting of propane, propylene, and 
a partially halogenated three-carbon acyclic hydrocarbon to a mixture of C3F6CI2 and CaFsCIa and 

25 C3F4CI4, optionally recycling more lightly fluorinated by-products 

b) Reaction of this mixture with HF to give CF3-CFCI-CF3, optionally recycling more lightly fluorinated by- 
products 

c) Dehalogenation of CF3-CFCI-CF3 to hexafluoropropylene. 
30 Examples of Sequence HO 

lie a) As to step (a), Table I contains several examples (5-18) In which there is an excellent yield to a conv 
bination of C3F6CI2 and C3F5CI3 and C3F4CI4. Catalysts that gave particulariy good total conversions to these 
three compounds include compounds of Nd, Ce, Y, Fe, Pr. Sm, Rh. or Or supported on cartxDn. CoO/CraOa, 
35 NiO/Cr203, and RhCls/CraOa- These are the catalysts that were run at the preferred contact time and tempera- 
ture to give the desired results. 

lie b) The conditions used in IIA(b) are suitable for this step. 

lie c) For step (c), see 1(b) 

40 111. Sequence of Reactions based on CF3-CCl2'CF2 CI 

a) Chlorofluorination of a feed containing at least one of the class consisting of propane, propylene, and 
a partially halogenated three-carbon acyclic hydrocarbon to CF3-CCI2-CF2CI. optionally recycling more 
lightly fluorinated by-products 

45 b) CF3-CCI2-CF2CI + HF-^CFs-CFCI-CFa, optionally recycling CF3-CCI2-CF3 

c) Dehalogenation of CF:rCFCI-CF3 to hexafluoropropylene. 

Examples of Sequence III 

50 a) For this step (a), see the section on chlorofluorination, especially Examples 6, 18, and 21. See also 

Example 48 under IIA (a) which gave 42% conversion to CF3-CCI2-CF2CI at a yield to this product plus 
recyclable Intemiediates of 82%. 12% of the yield loss being to CF3-CCI2-CF3, a useful product In other 
sequences of reaction steps. 

b) For this step (b), chlorofluorination of CFa-CCIrCFiCI results in the formation of CFa-CFCI-CFs. and 
55 simple reaction with HF is equally effective, since the starting material already contains more than 

enough chlorine. CFa-CQa-CFa is also obtained. See llA(b) for the conversion of CF3-CCI2-CF3 to CF3- 
CFCI-CFg. 

Fig. 3., using CraOs catalyst, shows that at 350.500'^C, chlorofluorination of propylene gives increasing 

15 
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10 



IS 



20 



25 



^uTSz^Z^cZlr?^- ^"f r"?'"^ "° CF3-CCI^CF2CI. This means that contacting CFa-CCI^-CFzCI 

c) step 111(c) is the same as 1(b). 
IV. Sequence based on CFyCCIyCFCIa 

a) Chlorofluorination of a feed containing at least one of the class consisting of prapane proDvlene and 
a partially halogenated three-carbon acyclic hydrocarbon to CF^-CCIrCFCI, P^PVene. and 

b) CF3-CCl2-CFCl2 + HF-»CF3-CFCI-CF3 «2-v-i-W2 

c) Dehalogenation of CF3-CFCI-CF3 to hexafiuoropropylene 

a) Example 75 In an example of Step a), propylene was chlorofluorinated over a catalvst of CaCI, and 
Examples 76-80. See Table I. 

c) For step (c) see 1(b) 
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TABLE IV 

5 







2Z 






Temperature, 


400 


400 


io 


C3H6/CI2/HF 


1/9/25 


1/7/49 




Moles/hour 


7 


6 




Contact time, sec 


15 


18 


15 


CnFe 


3% 


4% 




CF3CFCICF3 


19 


20 




CF3CCI2CF3 


53 


52 


20 


CF3CCI2CF2CI 




2 




CF3CF2CHF2 


2 


10 




CF3CFCICHF2 


2 


A 


25 


CF3CCI2CHF2 


8 


3 




Products 


1 


4 




Conv to C3Fe 


3 


3 


30 


Conv to CF3CFCICF3 


19 


17 




Conv to CF3CCI2CF3 


53 


45 




Yield to C3F8 +R 


94 


96 


35 




94 


Yield to CF3CFCICF3 -fR 


91 


40 


R » Recyclables 
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TABLE VI 

COKVERSTOK OF C^FjCl TO Cj^Fa 

EXAMPLE 42 A5 

Temperature, ©C 399 400 402 

Hours after startup 1.0 1.0 3.5 
Feed 

CF3CFCICF3 90% 77% 79% 

C2F5CF2CI 7% 21% 17% 

CF3CC1«CF2 3% 0.9% 0.7% 

Product , excluding 

recovered reectant 

C3F6 27% 45% 49% 

C2F5-CF2H 0.5% 0.6% 0.6% 

CF3-CFH-CF3 1% 0.8% 0.9% 

Conversion of CFs^CFCl^CFs 31% 60% 63% 

Yield from CF3CFCICF3 96% 98% 97% 
to CF3CF«CF2 

Contact time, seconds 11 11 10 
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Table VTTT 

EFFECT OF POTASSIUM CONTENT ON CATALYST PERFORMANCE 



Example 



Sel. to HFP(3-) 
at 420*0 



Sel. to HFP 
at 400 'C 
fCvele 4^ 



10 



IS 



a 


1390 


74.8 


82. 


b 


9.60 


77.5 


83. 


c 


8.90 


74.2 


76.1 


d 


7.9 


78.5 


822 


e 


4.60 


717, 


74.7 


f 


3.0 


719, 


46.6 


g 


0.08 


45. 


20.6 



(1) Sel. to HFP = Selectivity to Hexaf luoropropylene 
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40 



Claims 

25 1. A process for the preparation of saturated perhaiogenated 0-3 chiorofluorocarbons which comprises 
chlorofluorinating at least one of propane, propylene and partially halogenated C-3 acyclic hydrocarbons. 

2. A process according to claim 1 wherein the chlorofluorocarbon is at least one of C3F4CI4, C3F5CI3, 
CF3CFCICF2CI, CFaCCIzCFa and CF3CCI2CCI3. 

30 

3. A process according to claim 1 or 2 wherein there is substantially no perfluoroisobutylene produced as a 
by-product 

4. A process according to claim 1, 2 or 3 carried out In the vapor phase. 

5. A process for the preparation of hexafluoropropylene which comprises the process of any one of claims 1 
to 4 and the additional steps of fluorinating any chiorofluorocarbons that are not CF3CFCI CF3 to produce 
CF3CFCICF3 and dehalogenating any CF3CFCICF3 from said chlorofluorination and CF3CFCICF3 from 
said fluorination to hexafluropropylene. 

6. A process for the preparation of hexafluoropropylene which comprises fluorinating a saturated perhaioge- 
nated C-3 chlorofluorocarbon to produce CF3CFCICF3 and dehalogenating said CF3CFCICF3 to hexaf- 
luoropropylene. 

45 7. A process according to claim 5 or 6 wherein the dehalogenation is carried out in the presence of hydrogen 
and a K-containing catalyst 

8. A process which comprises fluorinating with HF, in the presence of CI2, saturated perhaiogenated C-3 
chiorofluorocarbons having less than seven fluorine atoms to produce CF3CFCICF3. 

so 

9. A process according to claim 8 wherein the chlorofluorocarbon is at least one of C3F4GI4, C3F5CI3, 
CF3CFCICF2CI, CF3CCI2CF3 and CF3CCI2CCI3. 

10. A catalyst comprising about 1.0 mole CuO/0.2-1 mole NiO/1-3. mole Cr203/4.-21, mole CaF2 further con- 
55 taining 1-20 weight percent of at least one of K, Cs and Rb. 

11. A catalyst comprising about 1.0 mole CuO/0.2-1 mole NiO/1-2 moles Cr2O3/0.4-1 mole M0Q3/O.8-4 moles 
CaF2 further containing 1-20 weight percent of at least one of K, Cs and Rb. 

25 
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12. A catalyst according to 10 or 11 wherein K is present in an amounlof 2-15 weight percent 

13. A catalyst according to claim 10, 11 or 12 having a process lifetinne of greater than about 1000 hours. 

14. A process comprising the hydrodehalogenation of a 2-^3 carbon perchlorofluorocarbon using a catalyst as 
claimed in any one of claims 10 to 13. 

15. A process according to claim 14 wherein the reaction temperature is 250-550^0, the contact time is 0.1-120 
seconds, and the pressure is 0-100 atmospheres gauge. 

IB. A process comprising the fluorination of CFa-CFCI-CFg to hexafluoropropylene using a catalyst as claimed 
In any one of dalms 1 0 to 1 3. 
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